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[57] ABSTRACT 

A pumping system for pumping ?uids at sub-ambient tem 
peratures where the pumping ?uid, after it has been used for 
its analytical application, is expanded such that the energy of 
expansion of the pumping ?uid can be employed for cooling 
the pump head or pumping ?uid prior to pumping. 

10 Claims, 5 Drawing Sheets 
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ANALYTICAL SYSTEM HAVING ENERGY 
EFFICIENT PUMP 

FIELD OF THE INVENTION 

The present invention relates to the pumping of compress 
ible pumping ?uids for use with analytical apparatus and in 
particular, controlling the expansion of the pumping ?uid to 
ambient pressure such that the energy of expansion can be 
used to cool the pumping ?uid to sub-ambient temperatures 
prior to pumping. 

BACKGROUND OF THE INVENTION 

Supercritical Fluid Chromatography (SFC) and Super 
critical Fluid Extraction (SFE) apparatus typically include 
pumping systems for pumping highly compressible ?uids 
(for example, liqui?ed CO2), at ?ow rates on the order of 5 
g/min. Maintaining the pumping ?uid at sub-ambient tem 
peratures prior to pumping reduces the compressibility of a 
compressible pumping ?uid such that it can be accurately 
pumped. 

It is known that direct application of a cryogenic ?uid may 
be used to cool the pump head of pumping apparatus, 
however, an independent source of cryogenic ?uid is typi 
cally employed. U.S. Pat. No. 5,142,875 entitled “Cooled 
Pumping System” discloses a single source of cryogenic 
?uid applied to a heat exchanger through cryogenic input 
nozzle 112 to simultaneously cool the pump head and the 
pumping ?uid prior to and during pumping, thus reducing 
the bulk modulus of the pumping ?uid. Since the compres 
sion stage is now isothermal, tile solvent delivery is rela 
tively accurate and the mass ?ow can be easily calculated 
using tile ?rst law of thermodynamics and mass conserva 
tion equations. In particular, the pump head 110 acts as a 
heat exchanger in which cryogenic ?uid may be supplied to 
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a cryogenic input nozzle 112 and expanded to ambient - 
pressure. The expanded cryogenic ?uid simultaneously 
cools the pre-cooler supply tube 116, the pump head 110 and 
ultimately, the pumping ?uid which is input through the 
pumping ?uid input 118. The pump head 110 is made of a 
material having a much higher thermal conductivity than the 
rest of the pump body. A thermal insulator 120 is disposed 
between the pump head and the pump body such that the 
pump head is eifectively thermally insulated from the pump 
body. The precooler supply tube 116 is thermally coupled to 
a channel 117 along the top of the pump head. Since the 
length of tube is relatively long in relation to the tube 
diameter, it acts as a heat exchanger and dissipates heat from 
the pumping ?uid to the pump head. 

The use of thermoelectric cooling elements to transfer 
heat from a pump head and to a heat sink is disclosed in the 
prior art pumping system illustrated in FIG. 2 and is fully 
described in U.S. Pat. No. 5,180,293 entitled “Thermoelec 
tric Pumping System”. The pumping system includes a 
pump head 220 which is thermally isolated from the body of 
the pump. Since the temperature of the pumping ?uid after 
pumping does not aifect the accuracy with which the ?uid is 
pumped, a counter?ow heat exchanger 210 is employed to 
utilize the relatively cool pumping ?uid exiting the pump to 
precool the ?uid entering the pump prior to pumping. A 
second heat exchanger 230 is coupled to the pump head 220 
and thermoelectric elements 240 in very close proximity to 
the pump head inlet such that the thermoelectric elements 
240 reduce the temperature of the pumping ?uid just prior to 
pumping. Thermoelectric elements 240 pull heat from the 
pump head such that it can be dissipated by the heat sink 
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2 
250. Thermoelectric elements have the ability to generate a 
temperature differential of approximately 70 degrees centi 
grade between their hot and cold sides. However, the total 
amount of heat they are capable of removing is inversely 
related to the temperature diiferential across them. As the 
ambient temperature surrounding the pumping system 
approaches 70 degrees centigrade above the temperature of 
the pumping apparatus, thermoelectric cooling becomes 
ine?icient and accurate temperature regulation of the pump 
ing ?uid is di?icult. 

SUMMARY OF THE INVENTION 

The pumping system of this invention decreases the 
temperature of the pumping ?uid to the point where it 
becomes relatively incompressible to provide for accurate 
?ow regulation. Since the pumping ?uid is already at a very 
high pressure, energy is absorbed when it is expanded to 
ambient pressure. Typically, this energy of expansion is 
useful as the pumping ?uid, after being used for its analyti 
cal purpose, is vented away from analytical instrument. The 
invention lowers tile temperature of tile pumping system and 
pumping ?uid on analytical apparatus suitable for use in 
SFC or SFE application by incorporating an expansion heat 
exchanger for utilizing the energy of expansion of the 
pumping ?uid for pre-cooling. Expansion cooling in com 
bination with thermoelectric cooling can be used to accu 
rately regulate the temperature of the pumping ?uid to 
sub-ambient temperatures just prior to pumping. Altema 
tively, optimized insulation in combination with an expan 
sion heat exchanger can pre-cool the pumping ?uid where 
accurate temperature regulation is not required. 

In particular, an analytical apparatus includes a source of 
liqui?ed pumping ?uid at a set pressure (typically 74 bar for 
CO2 at room temperature) coupled to a pumping system for 
pumping the pumping ?uid at a speci?ed mass ?ow rate. The 
pumping system has an insulated pump head with an inlet 
coupled to the source of pumping ?uid and an outlet coupled 
to either a separation column for SFC or an extraction 
chamber for SFE. Pumping ?uid exiting the analytical 
apparatus is directed to a pressure regulator and an expan~ 
sion heat exchanger which is thermally coupled to tubing 
directing the pumping ?uid to the pump head. The pressure 
regulator regulates the amount of pumping ?uid to be 
expanded to ambient pressure. 

Thermoelectric cooling elements in combination with the 
expansion heat exchanger provide precise control of pump 
head and pumping ?uid temperature. The e?iciency of 
thermoelectric elements increases as the temperature differ 
ential between the target temperature (sub-ambient) and 
supply temperature is minimized. The energy of expansion 
of the pumping ?uid is used to pre-cool the pumping ?uid 
entering the pump to minimize the cooling requirements 
imposed on the thermoelectric cooling elements. 
Where precise control of the pumping ?uid temperature is 

not as important, a well insulated pump head and an expan 
sion heat exchanger/pressure regulator provide the capacity 
to effectively cool the pumping ?uid. An initial period of 
operation may be required to bring the pumping ?uid down 
to sub-ambient temperatures prior to normal operation. 

In SFE the energy of expansion derived from expanding 
the pumping ?uid during the extraction process is utilized to 
cool the pump head without the need for an external source 
of cryogenic ?uid. The pump head is mounted in thermal 
contact with the SPE trap such that expansion of the pump 
ing ?uid within the trap cools the trap and the thennally 
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coupled pump head. Additionally, the trap may include an 
external heater to heat the extraction chamber after extrac 
tion to assist in the removal of extracted components from 
the trap. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and further features of the present invention will be 
better understood by reading the following detailed descrip 
tion of the drawings in which: 

FIG. 1 is a perspective view of a prior art pumping system 
in which cryogenic ?uid is introduced into the pump head to 
cool the pumping ?uid to sub-ambient temperatures. 

FIG. 2 is a plan view of a prior art pumping system in 
which thermoelectric elements a heat sink and two heat 
exchanger are employed for cooling the pump head and 
pumping ?uid to sub-ambient temperatures. 

FIG. 3 is a plan view of the preferred embodiment of the 
invention. 

FIG. 4 is a plan view of another preferred embodiment of 
the invention. 

FIG. Sis a plan view of another preferred embodiment of 
the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 3 illustrates the preferred embodiment of the inven 
tion in which the pumping system for a SFC instrument 
employing thermoelectric elements 340 and a heat sink 350 
coupled to a heat exchanger 330. The thermoelectric ele 
ments 340 transfer heat away from the heat exchanger 330 
and to the heat sink 350. After the pumping ?uid exits the 
analytical apparatus, it enters an expansion heat exchanger/ 
pressure regulator 360 to provide controlled expansion of 
the pumping ?uid to ambient pressure. Controlling the 
expansion of the pumping ?uid provides for regulating the 
energy of expansion so that the pumping ?uid can be cooled 
prior to entering the pump head. The outlet of the heat 
exchanger/pressure regulator 360 is in close proximity to the 
pump head 320 of the pump 330 such that the temperature 
of the pumping ?uid does not increase signi?cantly after 
leaving the heat exchanger. Since the bulk modulus of the 
pumping ?uid is reduced and maintained at a desired level, 
there is negligible compression upon pumping. The pump 
ing system may be incorporated into either a supercritical 
?uid chromatograph where the pumping ?uid is used as the 
carrier ?uid or a supercritical ?uid extractor where the 
pumping ?uid is used as a solvent to extract components 
from a sample. 

FIG. 4 illustrates an alternative preferred embodiment of 
the invention in which pumping ?uid from a source 400 is 
cooled prior to pumping as it passes through an expansion 
heat exchanger/pressure regulator 460. The pump head 420 
includes insulation 430 to reduce the amount of cooling 
required to keep the pump head at sub-ambient tempera 
tures. Pumping ?uid exiting the pump head is directed to 
analytical instrument 440. The pumping ?uid exits the 
analytical instrument 440 and is directed to expansion heat 
exchanger 460 where it is expanded to ambient pressure and 
exits at exhaust 470. The energy of expansion is employed 
for cooling the heat exchanger/pressure regulator 460. This 
embodiment is particularly suited for SFC as a continuous 
?ow of pumping ?uid is expanded during the chromato 
graphic process. 
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4 
FIG. 5 illustrates another embodiment of the invention 

employed on an SFE apparatus in which pumping ?uid from 
a source 500 is coupled to pump head 520. SFE trap 540 is 
thermally coupled to the pump head 520. The pumping ?uid 
exits the pump head and enters an extraction chamber 530 as 
a solvent for SFE extraction. When the extraction process is 
completed, the pumping ?uid is directed to SFE trap 540 and 
expanded to ambient pressure. The energy of expansion that 
is absorbed upon expansion of the pumping ?uid to ambient 
pressure is used to cool the pump head. An external heater 
540 may be employed to heat the trap to assist in the removal 
of the extracted components. 

Although best results are obtained by the foregoing pump 
ing systems, changes and modi?cation of the invention, as 
set forth in the speci?cally described embodiments, can be 
carried out without departing form the scope of the invention 
which is intended to be limited only by the scope of the 
appended claims. 

I claim: 
1. A pumping system for providing a pumping ?uid at a 

sub-ambient temperature comprising: 
an analytical instrument having an inlet and an outlet; 
a source of a ?rst ?ow of the pumping ?uid; 

an expansion heat exchanger operatively connected to the 
?rst ?ow of the pumping ?uid and having an inlet 
coupled to said analytical instrument outlet for receiv 
ing therefrom a second ?ow of the pumping ?uid, 
wherein said heat exchanger transfers heat from the 
?rst ?ow of the pumping ?uid to the second ?ow of the 
pumping ?uid; and 

a pump head having an inlet for receiving the ?rst ?ow of 
pumping ?uid and an outlet coupled to said analytical 
instrument inlet; 

wherein the second ?ow of the pumping ?uid from said 
analytical instrument is expanded in said expansion 
heat exchanger to cool the ?rst ?ow of the pumping 
?uid to the sub-ambient temperature. 

2. The pumping system of claim 1, wherein the pump 
head further comprises insulation to minimize the amount of 
cooling required to maintain the pumping ?uid at the sub 
ambient temperature. 

3. The pumping system of claim 1, wherein said expan 
sion heat exchanger further comprises a pressure regulator. 

4. The pumping system of claim 1, comprising: a pump 
head heat exchanger coupled to said pump head, said pump 
head heat exchanger further comprising thermoelectric ele 
ments for dissipating heat from said pump head and for 
accurately regulating the temperature of the pumping ?uid 
prior to pumping. 

5. The pumping system as claimed in claim 4, wherein 
said expansion heat exchanger is thermally coupled to said 
pump head. 

6. The pumping system of claim 1, wherein the analytical 
instrument further comprises a supercritical ?uid extractor 
and the pumping ?uid is used as a solvent in the supercritical 
?uid extractor. 

7. The pumping system of claim 6, wherein the expansion 
heat exchanger is operable as a SFE trap. 

8. The pumping system of claim 1, wherein the analytical 
instrument further comprises a supercritical ?uid chromato~ 
graph and the pumping ?uid is used as a carrier ?uid in the 
supercritical ?uid chromatograph. 

9. An SFE system having a pump for providing a pumping 
?uid at a sub-ambient temperature comprising: 

a pump head having an inlet and an outlet such that the 
pumping ?uid ?owing into the pump head through the 
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inlet is compressed and output through said outlet; and tained at a sub-ambient temperature and wherein the 
an extraction system for e?‘ecting an extraction process to pumping ?uid iS eifective as a Solvent in the extraction 

provide an extracted process. 
component, said extraction system being thermally 10. The SFE system of claim 6, wherein the extraction 

coupled said pump head and having an inlet coupled to 5 System further comprises an extracted Component trap and a 
said pump head outlet and an outlet at ambient pres- heating element coupled to said trap to assist in removing the 
sure, wherein the pumping ?uid exits the pump head extracted component from the trap after extraction. 
and is expanded in said extraction system for cooling 
the pump head, such that the pumping ?uid is main- * * * * * 
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